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(57)Abstract: 

PURPOSE: To alleviate an electric field in the vicinity of 
a drain and to lengthen a channel, by forming a gate 
electrode in a minute groove through a gate insulating 
film, and providing a concentration gradient oriented 
toward the inside of a substrate in a diffused layer. 
CONSTITUTION: A minute trench 6 is formed in a 
channel part. The surface of a substrate facing the side 
wall and the bottom part of the trench 6 is utilized as the 
channel. Thus the channel is made long with respect to 
the width of a gate electrode. A diffused layer, which has 
a gentle concentration gradient toward the inside of the 
substrate, is provided. Thus, an electric field in the 
vicinity of a drain 5 is alleviated, and a hot electron effect 
can be decreased. 
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c©* ?Mtimmto s&s*;* nfc* ?fr<o%mijft\z 
Kit e n. 5git$ nit * w««t*- •& * *w«t»b 

d©/^;viSTfistc^t^n. :50u©3 
^Ana^ir?** title, s^xnfc^^*^^ 
)vmT&mz®mtz> ^hvvzxmzmiztiitm 10 

Axaw-stu «*iiHii:Sfn\ **wrFaa** 

iris* $01/7. h y ^fiffl±s^ h ? ?ffi®©$fcss 
aant*^*. ;*^xhy*«is©ft$2;iajtdei 

tt tcfc o # L/ a * n& * ^;w«gTt s ^ y ;M9K* 
t. 

r, affitcM^fc^yjk&v:/©^ ^©tsfcanfc 

ft £© y * $0 Wl & b fc i: *(i»r L 

fc, U-^B»a©H»£IHJ&S-e\ 3f«^Migja«fc 

aeaaa©ia& u -;>©^±fi:e&^n^nwBij-r s 
m®&±®mifcmm> ©*jhH«fa*c « t^v> 

*ftaa*£¥a&. 

wfmzmmwz^m-* s ©aaxaaafc *> t ^ 
«srta^ *OM*Bi#a*» & e * ^mmmhic *> 
«nfcK>^«fc«RUTv>««^ictt. sassy- h© 
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tsftatrs^wstuam 
[56iH©paaw»w] 

[000 1] 

[££±©fiJffl#3J] £©&$«. *50l#AnStfL 

aicBi-r«t)©-c»*. 

[0 0 0 2] 

[ft*©feffi] ft*. Jl©a©^^M»tU«Hltb 

**^^*T«Mt. *$owrF«a©TfcEaa*i 
v> us ar*» * *w c * h ? * «s± o Mrr 

6*ITV»* (1$B¥4 - 2 4 0 4 6 7 

3B> . 

[0003] ^y*«T«irt«»arr*xjtp 

»oT«T-r*/^*i-t©AKPWKAKLfct#{: 

©atflsnr^s (ftAtf^ne 3 - 3 0 5^ • 

BB6 1-1 8 5 2 8 6 . 
[0004] 

[fSWa<J»fcb«k5i:-r3KB] ±Bbfci£* 

SBtcffbtasn. -afcaseiffciikVsiasftay^nc 

fcWffl**t»o&. sit. a««B»©ff mulct 
^©ttuuaa&awwc. A«p^©A8S;*frir, 
^^^^msn*t>©t). mtcA^o^©^^© 
A«s*frt-r5t>©r*o. bfrfcftwasnft** 
^R»fe : f®«©^n&'fc©7?^fcC2L<. 

[0005] a^iEao^^ati/att 
a», ±ei/&«*©aa©«r*wBjisiKa*Ta:a 
nfc"fe©-r*D, ^©affjfrstei^tt. tfjuou, 

WUaaiC«fl:*»fc4*Ci:KJ:D. Settle**, 

aa» * * aom t u iasass« u ± 5 tr a t> ©t? 

[0006] 

«ib5Sfi«tt. ^^»An(61)t, £0>*?}l>1BLk 
□ (61) *> 6tS:AS *Xfc * ^JVS^itf 4 / ^;HsmiB 
(60) t» j:©^^;P5M«iB(60)*6«as*ifcj»^ 
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y;U85TS® (20) t. £<D* ?)lffiT&W (20) fctttt 6 
ic, gttAft&*y^ft*y;wrFfiB(20)fcS*ffl-r 
(2D t. yjp# y y m> zmmvft* y 

Z * ^;Hftffl¥a (100) t , (UK* y 7(21) <£ 0 
fe^^)UflSETfiS(20)©^^;i/85TT*JCl8^e.n. « 
WiBllkStrt, ^y)P«JTSffl(20)&«ETf5^^;U 
©-8SS:-«f«tiSik«), BISWiCtt. «ih»e.nfc^ 
yMUft* y)«T88B(20) CSST^itsy- K (23) t , 
£ ®y- h (23) *ifrb&fl!il©pl^»T«B(20)O^ 
^JUTFTvJ&tRftSn. *y;«~Ffi®(20)ft«fTL 
fcpiy;VSIS'STS^^Xh?/^fiffi(30)t. |»IE* 
*JVX h99M(Sl01t>i^ hyy-«B(30)©ife 

±t»«an&^^*. *y^xhyy-fitB(30)©$fc 
«#fote*^batlMWW<40)i, mne*y;i/Xh 

y * Sffi (30) ©ftSgtca if 6 ft. S9EiS«)SB« (40) \Z «k 
D}fUffi5n&^^^TT-5^yJHHliRBS(50) t, 

«»©i£#i*t**veft3s*sft. fltttffcttA/£«ftfl 

©EMEU -;K12~14) &EHEL) -;K12~14) s-tft 

*nii«s«*u-^BWi(ii2)t. i«it2*y>nfcaj 
(ioo)^ s ©* y;n*iHfl»te *> t^vsx.. Thu 

y y- X# KMA,*:* yjP* y y (21) © 5 ¥t?)®M2 
nit®fe<D*?)Vt> y:/(21) &^^*taiaL&tfj»f 
Ufc$£tC. U~;MM&B(112)0B»£Mtt3«. 0f 

fcsjfflgis&ic u -;vBiiiE(ii2) ©igs&fttfita-its 

B»ft!lfl^a(92) t, l»SB8IMB©lsl«EU -;M12~14) 

t, iteff jhH«m^a(93)^ e ©ffitaffiflMBK t> 
t^r, <9±ufcaffi©ffl^r*^8e,^56enfc#^ 
©«SB«ic^auT^5»^ictt, ftiZAm^iuj] 

S(94)!5^©^AK^>Ct>t^T» gftftftttfl' 

T«tt*wr««j«t4*a(iiDt. «b^^/m» 
m#a(ioo)^e.©^y;v^a3^irfet^T, *y 

)Vtt\-o 1t * y 7 (21) ©&•&■&#. ^*tS!£3 ft 

&K>:*ftfc'&suo>*«£ctt, Miey-h(23)© 

5l&m#&tB*-rstt>blc:, U-;i«»B(ll2)©B 
»ftR!te$1*3fcr>:f&»£^a(95)i:> W3BH>^S 
W£W95)*>S©y- K23)©B&«^(Cfe£^ 
T. y-K23)ftfflttSttSy-hfflft¥a(110)<!:ft 

[0 0 0 7] 

hp «] u^jo^t, n#3UiBts©*yjHg£Uffi 
mk\zz.ti\i. ^y^SAP(6i)*^fa!A3n, 
i«T»®(20)*rSj(c»lt$n&^^tt. *yjW«tTS 
m (20) ic%« »fc**xi*. ^ yjmr&m (20 w 

^jfj-yy(2i)tsttAn^nfc^ic, ^-rnt>. *y;v 



(3) ftB8¥6-2 6 9 5 6 2 

4 

iTFSB(20) *T^IC«ETT*. 
[0 0 0 8] **OWTFfiB(20)£iiTL&*y;Mi, 
^^Xhy^SiS(30)*T«Tt-5*\ Xtt. Mifctt 
S8fc$.sy- h (23)fc«fc 0 ^y^«£T«S(20)±fC«jl: 

asfts. ^y;i/xf-yi'fiffi(30)fcS5TU&^^i' 

tt. ;* yJUX 1> y V 52® (30) ©± K-t © £ * X h y y" $ 
ft**\ Xtt. 8EK*y>VXKyy-SB<30)©±KXh 
y * 3 *VO>&* y*©±K:£fco TX h y £ 3 ft*. 

dtie>^^xhyi'«ffl(30)±cxhy^$nfc^^ 

20 MX. ffl«iaJ*J(40)IC<koT. ^y;VXhy^«H(30) 

©ife«^ia]tc» -rat>^^y;nsiw(50)*[6]»cj¥bui 
cooo9] ^y;^m^aaoo)*>&©^yji/ 
y ^(21) ^w^Kl Vit twm $tifc«^»r(i. 'J 

-;PB«iai(112) 0 IHE U -;K12~14) ©ffifi&fttp! 

(93)A^©f?±0#5^ffllCt>«k^V>T, tfitbfcEHfi© 
sfi-g-a-*t J ?»^»6nfcil$)£©Kjl8«C-&S[UT^SA^ 

a? §*>^^Kffiai«^*a(94) »c«t owtsna. 

[0 0 10] -€-©i(8*» <?±»*$n&^ffi©ffl^-& 

n*. *9ttft4*aaii)tt. mtexxmrnzht-j 

v^t, 5aft#»r«3$*#4f*. *&. ^^*y^(2 

i) ft i/fcBftc. ^y;wfttB#aaoo)* 

y*;P*y^(21)©B^«)ji», ^J&aSSnfctf>=f!Stc 

a? (95)*>6y-M23)©M*«wm»sn*. 

[ooii] y-hisi!t#a(iio)tt. gy-h(23)© 
Bftfl^fcfct^T. y-h(23)ftM«rr«. y-h 
(23)*tBi»sn« t, y- h (23) tc i-a y;p«ETfi 
B(2o)fc«±»e,nr^&^^*n ; *K«rFu, /y 

J>X by^Sffi (30) f- h (23) KUg 

±» enfc^ y*;W-«tc^y;i/X h y ^«S(30) fc« 
T-TSfc*. Xhyi7^nT^5/y;P©ttS*^^t 

^y;i.x hy^BB(30)±fc*<©^y;w* 

TL-Xhy^^nSdt^S, ffl®jg8«(40)IC«kt3T, 

40 ^y;nniKg5(50)^[R)tt^a©^y;vwuffl3ns. 
[00123 sfc, ±E©*3t, *y;nfcfcb#aao 
o)^ e ©^ y;^ffif»«ic t> t^v>T. ^ yjwaiau 
fe^y;u*yy(2i)©iffl-&-iir*s, ^»a^^nfctf>=r 

3) <DMtk®ft 1 1 1> C. B£U -;K12~14) ©0<E^S 

s&stu ifSi^wsiaa(r<?±L,. wiat^^tc, <?ih 

[0 0 1 33 

so immm hi~4[*. *»^©-*is0ii^-rfc©-e 
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01tt*^;H££LBfi«©:/n..y*0 < 02tt 
^y;HStbHft«©*KKEBSH. 03«E«IIS&B 
0, 04tte>:f&©B««SbfcSli5i0££**-f. 
0*. lOtt. *^JM£<fcbffiagt£^-r 0, C 

©^HStuissBioa. S2. 3t^-r«k5t, -e 

SB. *g«0!ITtt3BB#e>n-O>S. BSWll-fc 

Sn. £ttT3ffl©0IE>J-M2~14j&*EBSftTV> 
£. 3fflO@«U-;H2~14B, 0S;LfcV>#, fl^fc; 

B8B©i£ffi. Mx.fi r 7 j fyjir-yi r^xU-j 
*af*«#*^sn, 02, 3tz^-r±5(c. ib©& 

•••©£#T-&ft 3 HOlM«t*»TOiaMt3trC» 
-5. 

[0 0 14] iaiB3©ffl@G'J-;H2~14©T*ftHlt 

B20*»ttlt5nTV>*. ^©^^»ET«BB20ICti, 0 
2, 3t^-r<t^(C, ^JMMfTC&IH 6ffl©*^ 

n, abico. aa-fs^wsBtb-fs&a©, 

J^ffl^g!22-i:UT©-fe>t)- (01) #&*8HB£ft 

[0 0 15] Sfc, ^y;v«tTS®20©gTiSlc«, 0 
2, 3IC^-r«t5fc, 85Ttfc^^S«ih*^fc*© 

«#©y- h23*t(s^ri6j(csit5.nTv^. £ ©y- h 

23t*. ^^JPi«TSBi20©ifi^|6j©4'ifctC{4Bb. ^ 

;wrF&®2o§»rFLTir y;v©±¥S5ftik*. 

-gPS-E-©**ffiTa-a:5 J: 5 *^8ETM20ffliB«fc 
Ofee^S<^^n, m **OHrFttffi20#S 

20&«Tf^/y;i'Sfiit*. Htt^rtce, T^ric«n 
[0 0 16] tdlEy-h23©T^ta:H»c:tt. 0 2, 3 Id 
x h y * -r 5 fc*©* y^x h y >7iam3oi>mii s nx 

^©^^Xh»/^fiBB30tt, 02,3i^-r«k 

ss;*ftB©gft£, *y;i/a*xhy?sns#¥ 

B31,33©2B£, p*¥B31,33K2*LT«£SBK:B 
B3 b&£BB32£a>&Bj&Stt&B&l®tt£ftLTB 

[0 0 17] i©^^;l/X h2/^ffi®30©*¥8B31,33 

tit 03jc^t±5('. n®i£ftitMr)vzmi3\zm 
tt4oa, 03it^r±5fc, Bfsanfc^usiwsfc 

ifUffl-r, B&¥Pm©#BE«41£, ^©JfBE«41*K«i 
f5fc»©B»Sff (0^-B-T) i, ^©Bftgfiiff 
)EE«41i:?£jg!KrrSit«>©iiilSm2t^e,«|^3n, K 
B£Bft«h£tt. BB*42«*UT, *¥JE#41*i. * 
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y^X h y *«B30©*¥B31, 334. *?)V7> by? 
[0 0 1 8] *y/l*hy*fiB30©jfe*fctt, 03 \Z 

*-r±5t. mmmt4o\z±*)9tiiijifi<i\zfti£ztv»w> 

L1t*?)l>&, 0iR-rsfcJ6©^^0iRg55OA<l8lte 

nri^s. ^^s?tb)Efi«io©sTa5ti:eictt. 0 

2 ir^-r «fc 5 It. y>niiiRB5oa> e. imRanfc* y^ 
sjfift#ic^^tfiffcje»©^ffis?70d^snTv»5. 
c©»fflS57oa. «rE^^;naiRSS50iaauT^yjv 

iO £&ft#ICftlAfflTfc»©^©#ffl071i:. »{fiP71 

<D$ifi\zM&i£nrz*yfr&im72iifrt>mi&-2tiT^ 

[0 0 19] 02, 30tr^-r«t5(C, 

hy^»B3O©^^0iRBS5OS^U&W^»ttt. *y 

;^»gB60*^it stir v>*. ;* ^;i^5WSB60tt, 
*y;usf^-f5&*©58ttB (0^1*) t, jure 

^*y^£f8AT5fc»©*y;i48:A061i, *y^© 

a? [0 0 2 0] KlfBIWtBtt, B^LfcV^yjMTFB 
B2O*lS)'v0€-rs HyAJKOTSefrt, £© 
©IeHE#©*B*> S £tHf S <fc 5 CJ&jfcS tifc5SiSB £ 

K <fc 0 . * :50l/S:3ijgSrT?#^T* y^8ffTBH202f|6j 

\zfz$t»imthT^z>. wia^^;H9:AP6i[i. 02, 

3 tr*-r<fc 5 t % %itSB6o©±as©*i*ifi)ic^sti 

fcXUy h«63ft££;&K#!!i>>JBCBj£3tt. Bftff 
62£BftbT;*y;l.©3«tfl:S£. 02IC^V>T£*^r 

at? 20©aB*^Aen^<k5Jc«f3Tt^. 

[0 0 2 1] ft*5, BEiaCU-IH2'-14t^^JWrF 
Bffi20t©IWfC«, 02, 3JC7R-TJ:5lr. ^^;Wiifl 

^«2439JEBsnrv»*. r©^^;i/aigs^g524 

tt, iffil/fc^yj^y^l-C^jSUT, 16B©» 

3teg25jss v buy* zmzmmz n, ^ ^^bb l& 

^ y ^2Hc#*rr«(tB©B3e«25«983tr« z. 
^21£S^bT^5. 

[0 0 2 2] mz, 01&fflViT^y;^tL5EfiBlO 
40 ®(W»0Btt)^Ti!iWrs. ^^JUSttBSBiO© 

mwrnrnt, 0it^-r±5»c, «sj^«cpu» ro 

M, RAMRff I /0#- h«*«fC>t«^$nfctf* 
MffllSB90*>e.B^$nTV^„ ±iE*&f6«llgS90© 
A^flHtctt. 01tr*-r«t^lC, ^^*y^21-SB 

DX-fy^©^y;HfttB^BlOO*<. i/os^-lt 

[0 0 2 3] Mffi**ffl»8fi90©ffl*fflfctt, 
jiSTBB20±IC^^«Bikiii>TV^y- h23<£Bia:-r 

so s«m&©y-hBBa^anot. Bs#icMUTiim* 
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tt^Tzitibwmttttmmt* aflciHrtE'j-M 
2~i4&(@sijci5HE^-e-5&«)(D. Mz-teamozT-v 
MX/*-?** zm&zwt u -;vst®iisii2 ta< h 7 

[0 0 2 4] WiE«fJfeW8fi»0«, 01 iC^T 

Wit. *$OMfcU#moo*>S0**OM*tBm#K 
fet^^T. !ftft*<y^ft^g!91^e.©ia^*u/^ft 

tm&Lizm&z* v-)ww)mn2nm®>*m%i2ik 10 

moofr *> ©* y^mm^z t> t cf^r. ^ yjw*a 
^2i-<oia-&'tir*^is{,^je)e,nitbf>'^!S:tc^aLT^ a? 

*«Stc&. y-h23©K!»{m£ffl*U 
&92lC#LX?-N^&tH3rrs 

^fts^g;9i(c»bT!a«iA v -f&izmi&mnztiii]? 

[0 0 2 5] fflBE84WyyfcJfc¥&91tt. WEtf>^ 
SW«*S95^ S» ©&&# v 7&fcmi6m\z t> fr^» 

T. *9)Vhy~f21-<T>5*>. *?)Vt>mm\sTzi§iG\Z 

®& u -jH2~i4©@^^BiS& s n* ^ y;v# y 721- 

T&SS&#<;/:/£8M£U S^y 

-rs. iai2»ifc0ffi*(i^a93ti, mi\z^t^\z. 30 
wmmt lx<j> zmoxry tr>^-^tr«»&sn 

ftWzttrj^X* 3i@CD|5rtEU-;H2~14<D<9±0ffi 

[0 0 2 6] miH^itii^js^iiwii. m 1 i-^-f 
i 5 c. ®±®mmttm3fre>o>&±®mm^\z *> t 

-3t>T, S*S!ll-tC^3n&3<l©<?±0ffiffliffl'& 
^»S££n;Hfr£©«i88SK£&LTV>3« 

#Rlllfc «f5tAKffl^&lH*-r -5. fj&tt-^glll 

»©*y;k*fttr>tij-r. Uttttfctt, *yiMi. W8E# 
aP7is^ur^y;us^ii72(ctfUisn5. 
[oo2 7] tfsm\£>dmm^m^\t, tyji&m* 
moon* e ©* y;nftaii* sic fc t^r. * soi^s 

®L.;/i:;*:50V#y:/21-©ffl£lt#, tf>=fS^fl|{Sb 

Ajfcmst. 04Bic^r<fc5Jc &imizm/ufdm& so 
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t, E34 C(C^Tcfc5(-< 1 mzmA J £i!g,£\Z\$. 

v- NEBiSt^imoir^ury- KBBaM^&ta*r 
v?W£$m\zm-t%. 

[0 0 2 83 ±8Bn-f>«tUjSft«10{C«fcn«, *y 

tt, * yMP35tt8H60a> *> * ?)VffiT&m20Hfa IC56SJ 

L. / y;H8:A061©<ig£X U <;/ hfiE53rtT?^l&S-B- 
5££K:J:0. tE£Jj[ZUz&£.-rz>Z\ti)iXZZ>. 

[0029] *?)mT£m2ojj\m\zntoztitt*?)i' 
«, ^y;v«ET«ffl2oi^irafeoTT*«cflET-r^ 

*>, Xtt. p<^*<y^21-lCSWAn5tim WIB 
ip?«fc, ^^PiSTSB20*T^»tSST-r5. £&. 
^yj^Tfi®20&T*lciffiTUfc^^Ki, H±«88 

tab-sy-H23ciaihJ&^ns^ xa. 

[0 0 3 0] O^IC. ^^l/Xh-y^SfflSOCXh^^ 

^v^*te.^^;niiiRSS50*iB)twffLffl$n5. ffuta 
$ mz* ?Mt. * ^;nsiiizg?5o^iRj<D^sstcffifi-r s 

t>©^SJHC^^;HaliRSS50rtC«T-r-5. 
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